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The paper estimates the rates of return to investment in education in Egypt, allowing for multiple sources of heterogeneity across individuals. The paper finds that, in the period 1998-2006, returns to education increased for workers with higher education, but fell for workers with intermediate education levels; the relative wage of illiterate workers also fell in the period. This change can be explained by supply and demand factors. On the supply side, the number workers with intermediate education, as well as illiterate ones, outpaced the growth of other categories joining the labor force during the decade. From the labor demand side, the Egyptian economy experienced a structural transformation by which sectors demanding higher-skilled labor, such as financial intermediation and communications, gained importance to the detriment of agriculture and construction, which demand lower-skilled workers. In Egypt, individuals are sorted into different educational This paper is a product of the Poverty Reduction and Economic Management Unit, Middle East and North Africa Region. It is part of a larger effort by the World Bank to provide open access to its research and make a contribution to development policy discussions around the world. Policy Research Working Papers are also posted on the Web at http://econ.worldbank. org. The authors may be contacted at sherrera@worldbank.org and kmohamed@worldbank.org. tracks, creating the first source of heterogeneity: those that are sorted into the general secondary-university track have higher returns than those sorted into vocational training. Second, the paper finds that large-firm workers earn higher returns than small-firm workers. Third, females have larger returns to education. Female government workers earn similar wages as private sector female workers, while male workers in the private sector earn a premium of about 20 percent on average. This could lead to higher female reservation wages, which could explain why female unemployment rates are significantly higher than male unemployment rates. Formal workers earn higher rates of return to education than those in the informal sector, which did not happen a decade earlier. And finally, those individuals with access to technology (as proxied by personal computer ownership) have higher returns.
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I. Introduction
Macroeconomists generally include proxies for human capital in their growth regressions or growth decomposition exercises. Initially they used years of schooling as a proxy, but given the limited success of this variable in explaining growth, economists began focusing on the quality of education. Hence, the returns to investment in education became a central element for growth analysis.
This paper measures the rate of return to investment in education in Egypt. Although most studies use an average rate of return for a country (Psacharopolus and Patrinos, 2004) , it is possible that rates of return differ across groups of individuals. Although some studies estimate separate rates of return for males and females in Egypt, this one explores heterogeneity beyond the gender aspect in three dimensions. First, returns may vary depending on the specific educational path followed by the individual. In the Egyptian education system, individuals are sorted into different groups at different stages. Hence, returns to education may vary according to the specific educational path. Second, returns to education may differ according to the size of the firm where the individual works, given that large firms will have more capital, which in turn will imply different labor productivity and wage levels. And third, the paper explores the possibility that returns to education increase with the level of technology, as postulated by the Nelson-Phelps (1966) growth model. The productivity of schooling may be associated with the possibility of acquiring new technologies and new knowledge (Rosenzweig, 2010) , and not all individuals have the same opportunities, creating unequal productivity of schooling outcomes.
The objective of this paper is to investigate why the productivity of education varies across individuals in Egypt, controlling for heterogeneity arising from several sources. Section II briefly describes the Egyptian education system and reviews previous studies on the topic. Section III describes the model; Section IV presents stylized facts of the data and discusses the methodology. Section V presents the econometric results, and Section VI discusses the policy implications and concludes.
II. Background and Literature Review for Egypt
The Egyptian education system is a maze through which students navigate toward the labor force. Along the way, students are sorted into groups at different stages. The first stage, basic education, is compulsory and takes 9 years to complete: 6 years of primary and 3 of preparatory level education. After finishing this stage, individuals who wish to pursue secondary education are sorted into three possible categories: general secondary education (3 years), 3-year vocational education (with specializing in agriculture, industry, or commerce), and 5-year vocational education. Those who graduate from general education and wish to continue into higher education are sorted again into university (4-year or 5-year programs) or into post-secondary technical institutes (with programs from 2 to 5 years). Graduates of 3-year vocational education can also pursue studies in post-secondary technical institutions. University graduates can further pursue post-graduate studies.
There are relatively few studies that examine the rate of return (RoR) to education in Egypt. Most studies calculate a rate of return for each level, allowing for gender heterogeneity. For instance, Tansel (1995) shows that the returns to education for males in Egypt were higher than for females, and increased with the level of education, while they decreased for females: the RoR for primary education was 0.9 percent, it was 2.7 percent for general secondary education, 3.1 percent for vocational education, 7.5 percent for university graduates, and 11.8 percent for those with post-graduate studies.
Returns to education for females decreased with higher education levels: the RoR for primary education was 9.9 percent; for general secondary, 8.2 percent; for vocational education, 6.1 percent; and for higher education, 7.4 percent. The study shows that returns to education are higher in the government and public sectors only for early education levels (primary and preparatory), while the RoRs for vocational, university, and higher education levels were superior in the private sector (El Arabi, 2010). Wahba (1996) studies the determinants of earnings in the Egyptian labor market using the Egyptian Labor Force Sample Survey (LFSS) performed in October 1988. She uses the classical Mincerian model. Her study is consistent with earlier studies in showing an increase in returns to education with education level. She also reports variations among regions, and explains these discrepancies by differences in labor productivity characteristics. Said (2007) uses the 1998 LFSS, 1998 ELMS, and 2006 ELMPS to study workers' earnings in Egypt. She ran 18 multivariate regressions of log hourly wage regressed on education levels for three rounds (1988, 1998, and 2006) , males and females, sector of employment, and region. Said reports considerable improvement in female wages between 2006 and 1998, due to the concentration of female employment in the government sector, where wages increased by 40 percent between these two periods compared with a 17 percent increase in the private sector. Said reports a 4.7 percent return on vocational education, 7 percent for post-secondary education, and 8.5 percent for university education, without allowing for any heterogeneity.
El Arabi (2010) uses a sample of 862 observations of household heads between 15 and 64 years old who are wage employees distributed among five Egyptian governorates to study the economic and noneconomic determinants of the demand for education. El Arabi also uses both the classical and extended Mincerian models. El Arabi finds that the return on education in Egypt is very low compared with other developing countries, which explains why school drop-out rates are high among the poor.
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III. The Model
The starting point is the estimation of a human capital earnings function of the Mincer type, in which we control for experience, location, sector of employment, and other individual characteristics. (illiterate, read & write, primary, preparatory general secondary, 3-year vocational education (agriculture), 3-year vocational education (industry), 3-year vocational education (commerce and others), 5-year vocational education, post-secondary,4-year university, 5-year university, and post-graduate) (agriculture / hunting / foresting / fishing, mining & quarrying, manufacturing, electricity, gas, and water supply, construction, wholesale and retail trade, hotels and restaurants, transportation, storage and communication, financial intermediaries, real estate, public administration and defense, education, health and social work, other communication, social, and personal activities, and 
IV. Method and Data
This section describes the method and data used in the paper.
A. The Method
Simple OLS estimates of equation 1 may be biased due to two problems: endogeneity of education, and sample selection bias. Endogeneity may arise due to the fact that the individual's schooling choice may reflect unobserved characteristics (i.e., ability), while sample selection bias may arise if those who were employed (and reported wage income) have systematic differences with respect to those who did not participate in the labor market. The first problem is generally tackled through instrumental variables estimation, and the second through a Heckman two-step method of estimating a labor force participation equation, and then estimating the wage model.
To test for potential endogeneity bias, we instrumented the individual's education level with the parent's education level. The cost of this choice is that we lose almost 40 percent of the individuals who reported wages in the sample. Disregarding the cost momentarily, we ran the model estimating the probability that an individual is classified in a given education level given his/her parents' level of education. Table A1 in the Appendix shows that the inverse Mills ratio is insignificant, indicating that this source of bias is not important in this case; furthermore, the differences in the coefficients are negligible.
Next we examine sample selection bias using the same (limited) sample to ensure that there are no differences due to changes in the sample. First we estimate participation in the labor market equation , 5 and then we estimate the earnings equation. Estimation of the participation equation includes the individual's age, number of years of education, gender, marital status, a dummy if there is a family member living abroad, and regional dummies. The inverse Mills coefficient is negative and significant in the wage equation (Table A1 ). With the coefficients from both the OLS and the Heckman estimations, we calculated the returns to education (Table A1) , showing that OLS leads to overestimating the returns to education by 8 to 16 percent, depending on the level of education.
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Hence, in the remainder of the paper, we proceed with the Heckman method and the full sample. Table 1 ). Regarding the composition of the labor force by level of education (Tables A2 and A3 in the Appendix), illiterates are the major category for both genders. However, while 19 percent of all participants were illiterate, females reached 36 percent (Table A3 ). Most of the illiterate population is composed of females (Table A2) . At other education levels, the distribution between females and males is more balanced, except in vocational education for agriculture and industry, and 5-year university (mostly engineering), where males are the majority. Almost 15 percent of males had primary education, and 11 percent of females. 6 Table 2 shows the median wage in each sector of employment in 1998 and 2006. Males received higher hourly wages than females in state-owned enterprises ("public") and the private sector ("private'), but the reverse happened in the government. These sample statistics show that the median wage of the private sector is lower than in the government or the public sector. This result will change in a multivariate setting that adequately controls for the level of education, experience, and other individual characteristics. Because we are interested in exploring the hypothesis of complementarily of education and technology, we report on whether the individual owns a computer. Table 3 shows that personal computer (PC) ownership increases with educational attainment. Only 12 percent of workers report owning a computer, but the ownership rates are very different across education levels: less than 2 percent of workers with primary education owned a computer, 6 percent of those with preparatory level education, 10 percent with general secondary education, 17 percent with post-secondary education, 29 percent with university-4 education, and 53 percent with university-5 level education. The average rate of computer ownership, 12.4 percent, is similar to Colombia's (13 percent), but significantly lower than in Chile (57 percent), Brazil (51 percent), and Mexico (32 percent) (World Bank, 2011). Most of the informal labor (79.5 percent in 1998 and 70 percent in 2006) works in micro enterprises (1 to 4 employees), while most of the formal labor works in the government sector (Table 5 ). The majority of the informal workers are clustered in the private sector. Therefore, most of the informal labor is clustered in private micro enterprise, while most of the formal labor is in the government sector. The largest share of informal labor in 1998 and 2006 are illiterate, while the largest share of formal labor are 4-year university graduates. Table 6 shows that: (a) informality decreases with education level; and (b) at each level of education, there was a shift toward formality between 1998 and 2006, with the exception of secondary and postsecondary education.
V. Results
A. General Regression with Full Sample, 1998-2006 Table 7 shows the results of the Heckman estimation for both periods. All the signs are the expected ones in both the participation equation and the earnings (wage) equation. The negative sign on the gender (female) variable in the participation equation is not surprising, given the observed differences in labor force participation rates (Table 1 ). The existence of a migrant member in the household negatively affects participation, capturing the effect of non-earned income and the corresponding substitution effect on labor force participation. This result is also reported by Assad and Binzel (2009 The negative sign of the lambda coefficient means that there is a negative correlation between unobserved characteristics that affect labor force participation and wage earnings. Individuals who are less likely to participate in the labor market, but that effectively work, will earn lower wages. The estimated coefficients on education levels from the earnings equation (Table 7 ) allow computing the rates of return as described in equation 2. Figure 1 summarizes the results. There are two general trends that are remarkable: (a) the rate of return increases with the level of education; and (b) the rate of return increased for higher levels of education, but decreased for lower levels of education between 1998 and 2006. Although in 1998 the RoRs have a U-shaped form, given the very high rate of return to general secondary education, in 2006 RoRs are more or less increasing monotonically. The RoR is not computed for illiterate workers, because it is the omitted category in the regressions, but the constant in the wage equations can be interpreted as the wage of an individual with no schooling, or the "base wage" of the country as postulated by Rosenzweig ( 2010) , and shows a significant decline between 1998 and 2006. These results will be confirmed throughout the paper, disaggregating the sample by gender, firm size, and formal/informal wage contracts.
The evolution of the RoR to investment in education in Egypt in the period 1998-2006, in particular the observed relative changes in the return to skilled and unskilled labor can be explained from both the supply and demand perspectives. From the supply side, the number of illiterate workers, as well as those with intermediate levels of education (Table 8 ) increased significantly during the period, precisely the workers whose RoRs experienced the largest declines. On the demand side, the Egyptian economy experienced a structural change during the decade, according to which activities that require skilled labor, such as financial intermediation and communications, increased their shares in GDP, while those intensive in the use of unskilled labor, such as construction and agriculture, decreased in importance ( Figure 2 ). The U-shaped form of returns to education in 1998 is due to the unusually high returns to general secondary education, 19 percent. The high value of the general secondary coefficient in Table 7 leads to the calculated high rate of return for general secondary education, and affects the returns to university education as well as to post-secondary.
Returns to Education
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However, some post-secondary students graduate from vocational institutions. Hence the RoR for post-secondary education varies depending on the educational path followed by each student. Returns to post-secondary education increased significantly between 1998 and 2006 (where general secondary is the preceding level), but were still low, compared with university level education. Figure 6 summarizes the RoRs for different educational paths; Appendix Table A4 Summing up, the main results regarding the heterogeneity of RoRs arising from the sorting of individuals show that: (a) Vocational education has a higher return than general secondary education in the most recent period, while in 1998 the reverse was true. However, most individuals sorted into the general secondary category continue into the university level, which has significantly higher rates of return. (b) The rate of return to post-secondary education oscillates from 5 to 6.4 percent per year, depending on the specific path of the individual. (c) The rate of return to university education is higher than that of post-secondary technical institutes, and the post-graduate rate of return is the highest of all.
Other remarkable results from the general regression (Table 7) : a) On-the-job training has a premium of 11 percent, slightly lower than the 14 percent registered in the previous decade. Disaggregation by firm size will yield interesting results in the next section.
b) The wage differences between the private sector and the government did not change between 1998 and 2006. In 2006, workers in the private sector earned 20 percent more than government employees, while in 1998 it was exactly the same premium. Similarly, workers in publicly owned companies earned 13 percent more than government workers, on average. c) Regional premiums have reduced significantly or disappeared. In 1998, workers in Cairo earned more than workers in the rest of the country: 10 percent more than workers in Alexandria, and 17 percent more than workers in Upper or Lower Egypt. By 2006, the Cairo premium with respect to Alexandria was not significant, while the (negative) premium for workers in Upper and Lower Egypt had decreased to one-half its 1998 size.
d) Finally, it is remarkable that while workers with formal wage contacts in 1998 earned less than workers with informal contracts, in 2006 the situation was reversed: workers with formal work contracts earned 13 percent more.
C. Do Returns to Education Vary by Firm Size?
Yes. Tables 9, 10 , and 11 report estimations for three types of firms: micro firms (up to 4 employees), small firms (between 5 and 50 employees), and large firms (more than 50 employees). The returns to education increase with firm size, as shown in Tables 9, 10 , and 11. This is the same result obtained by Teal (2008) for workers in Tanzania.
In general, all firms reward advanced levels of education more (with the exception of firms with 50 or more employees or in vocational education.
Returns to on-the-job training vary inversely with firm size: workers who take training in micro firms receive an 18 percent premium, 11 percent in small firms, and 2 percent (not statistically different from zero) in large firms.
The other result that is worth highlighting when considering differences by firm size is the premium for workers' experience: in large firms, it is almost twice the size of the premium in small firms. In 2006 (see Tables 9, 10 , and 11), larger firms compensated experience more than small firms did, as micro firm employees earned a 2.6 percent premium for each additional year of experience, while workers in large firms earned a premium of 4.1 percent.
Our results for returns to education increasing with firm size coincide with results from numerous other studies, finding that the wage premium increases with firm size (Lallmand et al,2005) . This might be explained by higher productivity in large firms, which has been documented for Egypt (World Bank, 2010) .
D. Informality
Formal vs. informal labor
The regression results in Table 7 show that formal labor (i.e., have a contract and contribute to social insurance) enjoyed a higher wage premium (13.2 percent) in 2006 compared with their informal counterparts. In 1998, informal labor had a higher wage premium than formal labor. The increase in the wage premium of informal labor coincided with a similar shift toward formality between 1998 and 2006, as shown in Table 4 . The table shows the increasing trend of labor to shift from informality to formality; in 2006, formal labor enjoyed higher wages.
Formality and returns to education
We ran additional, separate OLS regressions for formal and informal labor for 1998 and 2006 (see Tables  12 and 13 ).
In 1998, informal labor experienced higher returns to education for preparatory, 4-year university, and 5-year university degrees compared with their formal counterparts.
In 2006, formal labor witnessed higher RoRs for all education levels except post-graduate studies. The gap in rates of return between formal and informal labor narrowed as education levels advanced. One possible explanation would be that the professions that graduates with higher education pursue might not entail signing a contract or contributing to social insurance (such as consultants, physicians, etc.). This is further confirmed by the higher wage premium received by informal workers (30 percent) who are trade union (or syndicate) members, compared with their formal counterparts (18 percent).
Although an additional year of experience yielded a very close premium for formal and informal labor in 1998, it rewarded 1 percent more for formal workers compared with their informal counterparts in 2006.
In both 1998 and 2006, there was no wage premium among informal labor working in different sectors of employment; their formal counterparts working in the private sector received the highest wage premium, followed by those working in the public sector.
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E. Are There Gender Differences in the Returns to Education?
Yes. To examine heterogeneity in returns to education by due to gender differences, we ran separate models for males and females (Tables 14 and 15) . 9 The estimations show interesting results. In the labor force participation equation, being married enters with opposite signs: while married males are more likely to participate in the labor market, females are less likely. The education coefficient is three times as large for females as males, pointing to the importance of female education to increase the likelihood of labor force participation.
Rates of return for both males and females increase with level of education, and exhibit the same trend between 1998 and 2006: the returns increase for higher levels of education and decrease for lower levels. Returns to education are higher for females, consistent with previous studies of Egypt.
Three-year vocational education and post-secondary education exhibit low RoRs in 2006 for males, and lower than in 1998. But for females, the RoR is slightly increasing in vocational education and strongly increasing in post-secondary education.
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Figure 7 -Returns to Education for Males, 1998 and 2006 9 We ran four regressions: one for each year by gender. The constant term captures the regression's specific gender, i.e., if it is a regression for males, the constant term (the comparison group) measures the returns on illiterate males, not covered by medical insurance, workers in the informal market, not a trade union member, single, without training, living in Cairo, working for the government, and in the agriculture/hunting or forestry sector.
10 The RoRs for post-secondary education are calculated assuming general secondary education is the previous stage. Appendix Table A4 presents the RoRs for different paths in the education system. In 1998 and 2006, males and females earned similar wage premiums on each additional year of experience: while in 1998 females were rewarded 4.2 percent and males 4.7 percent for each year of experience, in 2006 the compensation increased for females to 4.6 percent and decreased for males to 3 percent (see Tables 14 and 15 ).
One of the more striking contrasts in the wage equation is the premium paid by the private sector with respect to what an individual with identical characteristics would earn in the government: while the private sector pays a premium of about 25 percent for males, the premium is insignificant for females. This is true for both 1998 and 2006. This means that females working in the government earn wages similar to market determined levels, but males working in the government earn less than market rates. The male premium is also significant for public enterprise workers: they earn 20 percent more than government workers, while females in public enterprises receive no premium.
Formality of the wage contract implied higher wages for both males and females in 2006 and had the same rising pattern: while formality was not rewarded for females in 1998, in 2006 it was rewarded with a 25 percent premium. Male workers with a formal contract earned 10 percent less in 1998, and a 12 percent premium in 2006.
The premium for training has different levels and trends for males and females. While the premium declined from 13 to 9 percent for males, it increased from 6 to 17 percent for females.
In 1998, women residing in Greater Cairo received a wage premium, followed by Lower and Upper Egypt, while women living in Alexandria and Canal cities received the lowest wages. In 2006, wages for women living in Lower or Upper Egypt were not statistically different from those in Greater Cairo; however, women living in Alexandria received lower wages (see Tables 14 and 15 ).
The trend is reversed for men in both years, as wages received by men living in Alexandria and Canal cities were not statistically different from men residing in Greater Cairo, while wages in Upper Egypt were the lowest followed by Lower Egypt. In 2006, men residing in Alexandria and Canal cities continued to earn wages that were not statistically different from those living in Greater Cairo, while those living in Lower and Upper Egypt received lower wages.
F. Access to Technology
Up to this point, we have described how returns to education increase with education level. However, we have also seen that access to technology varied positively with education level. The Nelson-Phelps growth model postulates that returns to education depend on the degree of technological advancement. Hence, initially we introduce a dummy for PC ownership to control for access to technology. Table 16 shows that the coefficient is positive, significant, and implies that PC owners earn a 20 percent wage premium. But, more interestingly, the coefficients for all the education levels fell significantly, although the largest falls were for the higher education levels. This suggests that technology does not homogeneously affect all returns to education.
To allow a heterogeneous response, we interacted the PC ownership dummy variable with each level of education. Table 17 summarizes the results, and shows that the interacted term is mostly significant for higher levels of education. The activities of those with higher education will be less routinized and are more likely to use technology more intensively. In this fashion, the rate of return to education for those without access to a PC will be calculated without the interacted term, while for those with a computer it will be calculated as the sum of the coefficients of the interacted variable with the original one. This is for those coefficients that are statistically significant in Table 17 . Table 18 summarizes the RoRs, depicting the wide variance in the RoR, depending on access to technology. On average, those with access to technology earn 3.3 times more than those without access. These results point to the importance of technology in education. In principle, they suggest the relevance of building school computer labs, supplying computers, and connectivity in schools. This will necessarily imply developing and disseminating new curricula in electronic format. Distance learning programs wil also become essential elements.
However, providing computers and technology is no guarantee that the quality of education will improve. Evaluations of these programs show mixed results, especially in developing economies. For instance, an impact evaluation of the use of computers in education in Colombia showed that teachers used the computers for class preparation and to teach students computer skills in the presentation and dissemination of information, rather than for the intended purpose of developing new knowledge in language and mathematics (Barrera and Linden, 2009). Hence, the introduction of technology will not affect education unless teachers are trained and develop new skills in the use of the new technology. Incorporating technology in the learning process requires more than computers in the classroom.
VI. Conclusions and Directions for Future Research
The rate of return to investment in education in Egypt varies depending on the specific path into which the individual is sorted. Individuals who are sorted into the general secondary-university path earn higher rates of return to education. This fact perpetuates inequality.
Other factors are sources of heterogeneity: returns to education increase with firm size, female returns to education tend to be larger, and the factors affecting their participation in the labor market are different than for males. Finally, access to technology produces the largest discrepancy in RoR across individuals, with the RoR being two to four times larger for individuals with access to computers. This result highlights the importance of modifying the curriculum to include more computer access in schools, with corresponding monitoring and evaluation of the use of computers in the classroom.
Other interesting results of this paper: (a) Workers in the formal market earn more than informal workers, but in the past this was the opposite. (b) Regarding the relationship between government and private sector workers, there are major differences depending on gender. While males in the private sector earn a 25 percent premium with respect to government employees, females in the government sector earn the same as in the private sector. This is a clear incentive for females to wait in queue for a government job, as it sets a reservation wage. This might explain why female unemployment is higher than that for males. (c) Regional wage premiums have reduced significantly or disappeared. At the end of the 1990s, workers in Cairo earned a premium of 10 percent with respect to Alexandria and Canal cities, and 17 percent with respect to Upper and Lower Egypt. The most recent survey shows the first one has been eliminated and the second one reduced by half.
The rates of return to education estimated here are gross rates of return. Further research on this topic could contemplate the cost of education, and two key elements of uncertainty: the probability of becoming unemployed and the wage risk associated with the level of education. In Egypt, unemployment increases with the level of educational attainment (Figure 10 ) , while in many other countries the reverse occurs: unemployment decreases with education.
Wage dispersion, as measured by the coefficient of variation of wages for each level of education, decreases with the level of education (Table 19 ). This is a counterintuitive result, since higher returns should be associated with higher risk. In other countries, the wage risk increases with the level of education (Martins and Pereira, 2000) .
Exploring these two puzzling facts is essential for the research agenda on returns to education and the working of labor markets in Egypt. 
Different Paths of Education by Gender
In 2006, for males who were to enter the labor market after secondary education, 5-year vocational education was the most rewarding. Among males who decided to join the labor market after postsecondary education, those who graduated from 3-year vocational education specializing in commerce earned the highest returns. However, for general secondary graduates, 5-year university education was the most rewarding (see Figure A1 ).
For females, joining the labor market after attaining a post-secondary certificate after general secondary education was the most rewarding educational path in 2006. However, surprisingly, primary level female graduates earned returns that were the second highest, even higher than those with postgraduate studies. Among females who joined the labor market after secondary education, graduates of 3-year vocational education specializing in commerce earned the highest returns, followed by those with 5-year vocational education (see Compulsory Education Secondary Edu Higher Education
